Quantitative analysis of CagA type IV secretion by Helicobacter pylori reveals substrate recognition and translocation requirements.
Bacterial type IV secretion systems are protein transporters with a remarkable diversity of substrates and substrate recognition mechanisms. Type IV-secreted proteins often contain C-terminal secretion signals, but may also require other regions for recognition as secretory substrates, or for full secretion efficiency. For example, type IV secretion of CagA, a major pathogenicity factor of the human gastric pathogen Helicobacter pylori, depends on a C-terminal signal and on N-terminal protein regions. To examine the involvement of individual CagA regions for type IV secretion efficiency, we have established and evaluated a β-lactamase-dependent reporter system which allows quantitative determination of translocation into host cells. For validation, we used this reporter system to obtain quantitative data for type IV secretion of CagA variants with sequential C-terminal truncations. Alanine-scanning mutagenesis of the CagA C-terminus revealed that none of the characteristic charged residues in this region is necessary for type IV secretion. Translocation rates measured for CagA variants with N-terminal deletions show that CagA does not have an N-terminal signal sequence, but requires its N-terminal domain for efficient secretion. Finally, we provide evidence that only newly synthesized CagA protein is translocated, supporting a model in which type IV secretion is coupled to protein biosynthesis.